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DXWRPDWLRQ>@>@DQGPRUH>@,QDGGLWLRQWKHLVVXHRIVHFXULW\DQGSULYDF\RIWKHFRQVXPSWLRQGDWDKDVDURXVHGDV
DUHVXOWRIWKHVPDUWJULGLPSOHPHQWDWLRQ>@
0DQ\VLPLODULWLHVH[LVWEHWZHHQHOHFWULFDODQGZDWHUQHWZRUNVLQGLFDWLQJWKHSRVVLEOHLPSRUWDQFHDQGLQIOXHQFHRI
DVPDUWJULGRQZDWHUGLVWULEXWLRQV\VWHPV7KHVHVLPLODULWLHVH[LVWLQWKHSK\VLFDOFRPSRQHQWVRIWKHQHWZRUNVVXFK
DVFRQVXPHUVUHVRXUFHVZKLFKSURYLGHFRQVXPSWLRQDQGVWRUDJHXWLOLWLHVDVZHOODVLQWKHSULPHFRQWUROREMHFWLYHV
VXFKDVGHPDQGUHVSRQVHDQGGLVWULEXWLRQDXWRPDWLRQ(DFKILHOGFRSHVZLWKGLIIHUHQW W\SHVRISUREOHPV$PDLQ
WKHPHLQPDQ\HOHFWULFDOILHOGLVVXHVGHDOVZLWKEX\VHOORSWLPL]DWLRQVZKHUHHDFKLQGLYLGXDODWWHPSWVWRPD[LPL]H
KLV SURILWV DV LQ WKH SOXJLQ HOHFWULFDO YHKLFOHVPDWWHU DQG D SULPDU\ WRSLF LQZDWHU VHFXULW\ LV WKH RSWLPDO VHQVRU
SODFHPHQWZKLFKPLQLPL]HVWKHLPSDFWRIDFRQWDPLQDWLRQHYHQWRQWKHQHWZRUNFRQVXPHUV

 /LWHUDWXUHUHYLHZ
2QHRIWKHSULPHDGYDQFHPHQWRSWLRQVRIIHUHGE\WKHSUHVHQFHRIDVPDUWJULGLVSURYLGLQJWKHQHWZRUNZLWKVHOI
KHDOLQJ FKDUDFWHULVWLFV DV D VWHS WRZDUG RSHUDWLRQ DXWRPDWLRQ7KLV LV DFKLHYHG WKURXJK DGYDQFHG FRPPXQLFDWLRQ
WHFKQRORJLHV DV WKHZLUHOHVVPHVKZKLFK HQDEOHV HDFK QHWZRUNQRGH WR DFW DV DQ LQGHSHQGHQW URXWHU WRRYHUFRPH
HOHFWULFEODFNRXWVE\DOORZLQJWKHFRPPXQLFDWLRQVLJQDOVWRILQGDGGLWLRQDOURXWHVDQGDYRLGWKHLQDFWLYHQRGHV
$QLQWHUHVWLQJXVHRIJDPHWKHRU\LQVPDUWJULGFRQWUROOHGQHWZRUNVLV>@DQH[DPSOHZKHUHVHYHUDOFRQVXPHUVDUH
FRQQHFWHGWRDVLQJOHSRZHUVRXUFHDOORIZKLFKDUHFRQQHFWHGWRVPDUWPHWHUVDQGDQDXWRPDWLFHQHUJ\FRQVXPSWLRQ
VFKHGXOHU7KHDXWRPDWLFVFKHGXOHUEDVHGRQWKHWRWDOFRPELQHGFRQVXPSWLRQLQIRUPDWLRQLQWKHQHWZRUNZLOOILQG
WKHRSWLPDOHQHUJ\FRQVXPSWLRQVFKHGXOHIRUHDFKFRQVXPHU7KLVJDPHZLOOLQFOXGHRQOLQHXSGDWLQJDELOLWLHVWRFRSH
ZLWKFKDQJLQJFRQVXPSWLRQXVDJH
7KHXWLOL]DWLRQRIDVPDUWLQIRUPDWLRQOD\HUZKLFKIXQFWLRQVRYHUWKHSK\VLFDOFRPSRQHQWVRIDFHUWDLQV\VWHPFDQ
SURJUHVVWKHFRSLQJDELOLWLHVZLWKXQH[SHFWHGVLWXDWLRQVDQGRSWLPL]HWKHRXWFRPHLQYDULRXVGLVFLSOLQHV$QLQWHUHVWLQJ
H[DPSOHIRUWKLVLVDLUFUDIWFRQWURO7KHDELOLW\WR>@JXLGHWKHDFWLRQRIDQDLUFUDIWZKLFKHQFRXQWHUHGDPLVKDSE\
RSWLPL]LQJLWVIXQFWLRQDOLW\RUGLYHUWLQJLWWRVDIHW\XQGHUWKHUHVXOWHGOLPLWDWLRQVSUHVHQWVDQLQWULJXLQJWRSLFZKLFK
UHTXLUHVDVPDUWV\VWHPFDSDEOHRIDXWRPDWLQJWKHRSHUDWLRQXQGHUXQIRUHVHHQVLWXDWLRQV6XFKVPDUWJULGUHODWHGLVVXHV
H[LVWLQPDQ\GLVFLSOLQHVDZDLWLQJWKHGLVWULEXWLRQRIWKLVWRSLFWRKRSHIXOO\ZLWKKROGFDVXDOWLHVZKLFKFRXOGKDYHEHHQ
SUHYHQWHG
$FHQWUDOWRSLFLQERWKZDWHUDQGHOHFWULFDOQHWZRUNVLQYROYHVWKHDELOLW\WRZLWKVWDQGLQWHQWLRQDOLQIOXHQFHRQWKH
URXWLQHRSHUDWLRQ%RWKILHOGVDGGUHVVWKLVSUREOHPWKURXJKVHQVRUVZKLFKDUHRSWLPDOO\SODFHGZLWKLQWKHQHWZRUNWR
PLQLPL]H WKH LPSDFW LPSRVHG RQ WKH FRQVXPHUV >@ WHVWHG WKH SRVVLELOLWLHV WRZLWKKROG RXWDJHV RI SRZHU V\VWHP
FRPSRQHQWVVXFKDVWUDQVPLVVLRQOLQHVDQGWUDQVIRUPHUVDQGWKHGHWHULRUDWLRQWRZDUGVFDVFDGLQJRXWDJHVWKDWOHDG
WRZLGHVFDOHLVODQGLQJDQGORVVRIORDGV7KHKLJKFRVWRIDSSURSULDWHVHQVRUVOLPLWHGWKHVFDOHRIWKHLUGHSOR\PHQW
DQG H[HFXWHG WKH QHFHVVLW\ WR VROYH WKH RSWLPDO SODFHPHQW SUREOHP 7KLV SUREOHP LV DQDO\VHG WKURXJK VHYHUDO
SHUIRUPDQFHREMHFWLYHVVXFKDVQHWZRUNREVHUYDELOLW\VWDWHHVWLPDWLRQDQGRXWDJHGHWHFWLRQZKLFKLQWHJUDWHVHYHUDO
RIWKHSULPHSXUSRVHVRIDIXQFWLRQLQJVPDUWJULG,QZDWHUQHWZRUNVWKHPDWWHULVUHIHUUHGWRDVZDWHUVHFXULW\DQG
FRPHVWRGHDOZLWKGHOLEHUDWHFKHPLFDORUELRORJLFDOFRQWDPLQDWLRQHYHQWVZLWKLQWKHQHWZRUN7KHILUVWWRDGGUHVVWKLV
LVVXH ZHUH >@ >@ DVVHPEOHG WKH SROOXWLRQ PDWUL[ FRQFHSW LQ D PHWKRGRORJ\ IRU GHWHFWLQJ UDQGRP DFFLGHQWDO
FRQWDPLQDWLRQHYHQWV>@HQKDQFHGWKHXVHRIWKHSROOXWLRQPDWUL[E\DQDO\VLQJLWVUHVXOWVWKURXJKJHQHWLFDOJRULWKPV
DQG LQFOXGLQJVFHQDULRVZLWKPXOWLSOH LQMHFWLRQ ORFDWLRQVDQG WLPH$GGLWLRQDODOJRULWKPVZKLFK WDNH LQWRDFFRXQW
SDUDPHWHUVVXFKDVGHWHFWLRQOLNHOLKRRGDQGYROXPHRIFRQVXPHGZDWHUSULRUWRGHWHFWLRQZHUHJHQHUDWHGVLQFHWKHQ
7KHVWURQJUHVHPEODQFHEHWZHHQWKHRSWLPDOVHQVRUORFDWLRQSUREOHPLQERWKGLVFLSOLQHVDORQJZLWKWKHDGYDQFHG
DOJRULWKPVXWLOL]HGLQHOHFWULFDOQHWZRUNVWRUHVROYHWKHLVVXHUDLVHWKHFRQVLGHUDWLRQRILPSOHPHQWLQJWKHVHDOJRULWKPV
DQGDGMXVWLQJWKHPWRZDWHUGLVWULEXWLRQV\VWHPV7KLVZLOODOORZLQQRYDWLYHDSSURDFKHVWRWKHVHQVRUORFDWLRQSUREOHP
LQZDWHUQHWZRUNVDVZHOODVWRPDQ\RWKHUZDWHUUHODWHGRSWLPL]DWLRQSUREOHPV
 0HWKRGRORJ\
$Q DOJRULWKP ZKLFK RSWLPL]HV WKH FRQVXPSWLRQ YROXPHV ZLWKLQ D ZDWHU QHWZRUN LV IRUPXODWHG KHUHLQ (DFK
FRQVXPHUPD\FRQWUROKLVXVDJHE\PHDQVRIDZDWHUFRQVXPSWLRQFRQWUROOHU:&&HPEHGGHGLQDOOXVHUV
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PHWHUV7KHREMHFWLYH LV WR ORZHU WKHZDWHUSULFHV WRDPLQLPXPE\FRQWUROOLQJ WKHSHDNFRQVXPSWLRQYDOXHVDQG
GLVWULEXWLQJWKHFRQVXPSWLRQLQDPRUHVSDFLRXVPDQQHU7KHZDWHUFRUSRUDWHSURYLGLQJWRWKHFRQVXPHUVZLOOGHFLGH
RQWKHFRVWDQGSURYLVLRQYROXPHEDVHGRQWKHVXPRIWKH:&&UHVXOWVRIDOOFRQVXPHUVLQRUGHUWRPD[LPL]HKLV
SURILWV(DFKWLPHVWHSZLOOSURJUHVVDFFRUGLQJWRWKHIROORZLQJRUGHUWKHSURYLGHUZLOODQQRXQFHWKHZDWHUSULFH
IRUWKDWWLPHSHULRG(DFKFRQVXPHUZLOOVROYHKLVRZQRSWLPL]DWLRQSUREOHPDQGDQQRXQFHWKHFRQVXPSWLRQYDOXH
7KHSURYLGHUZLOOGHFLGHRQWKHSURYLVLRQYROXPH(DFKFRQVXPHULQWKHQHWZRUNLVLQGHSHQGHQWDQGPD\UHVSRQG
GLIIHUHQWO\WRSULFHFKDQJHVRURWKHUSDUDPHWHUVZKLFKLPSDFWZDWHUFRQVXPSWLRQ
7KHIRUPXODWLRQRIWKHSUREOHPLVEDVHGRQ>@ZKLFKGHILQHGWKHVLPLODUSUREOHPIRUHOHFWULFLW\QHWZRUNV(DFK
FRQVXPHUZLOOEHDVVLJQHGDXWLOLW\ IXQFWLRQZKLFKZLOOH[SUHVVWKHUHDFWLRQPRGHWRSULFHFKDQJHVDQGLQGLYLGXDO
FRQVXPSWLRQ KDELWV 0RUH IRUPDOO\ WKH XWLOLW\ IXQFWLRQ H[SUHVVHV WKH OHYHO RI VDWLVIDFWLRQ IURP WKH FXUUHQW
FRQVXPSWLRQ
   8 [ [ [
DZ Z    LI  [ ZDd d   
:KHUH[LVWKHZDWHUFRQVXPSWLRQOHYHORIWKHXVHUD LVDSUHGHWHUPLQHGSDUDPHWHUDQGZ LVDSDUDPHWHUZKLFK
YDULHVDPRQJXVHUVDQGGLIIHUHQWWLPHSHULRGV
ZDLVWKHPD[LPXPFRQVXPSWLRQOHYHOZKLFKEH\RQGLWWKHXWLOLW\IXQFWLRQUHPDLQVFRQVWDQW
7KHFRVWLVFDOFXODWHGE\DTXDGUDWLFIXQFWLRQZKLFKGHPRQVWUDWHVWKHQHFHVVLW\WRUHGXFHWKHSHDNFRQVXPSWLRQ
YDOXHV
 N N N N N N N& / D / E / F       
:KHUH N/ LVWKHSURYLGHGZDWHUYROXPHLQWLPHSHULRGN 7KHXWLOLW\GHULYDWLYHH[SUHVVHVWKHFRQVXPHUV
PDUJLQDOEHQHILW(TXDWLRQGHSLFWVWKHFRQVXPHUZHOIDUHEDVHGRQ
WKHLPSRVHGFRVWDQGWKHXWLOLW\YDOXH
     : [ 8 [ 3 [Z Z     
:KHUH 3 LV WKH ZDWHU SULFH DQQRXQFHG E\ WKH FRUSRUDWLRQ'HULYLQJ WKH IROORZLQJ IXQFWLRQ \LHOGV WKH RSWLPDO
DQQRXQFHGSULFHDVHTXDOWRWKHPDUJLQDOEHQHILW
(DFKFRQVXPHUKDVDPD[LPXPEDVHGHPDQGOHYHODQGUHDFKHVKLVPD[LPXPXWLOLW\IXQFWLRQYDOXHDWWLPHSHULRGV
IRUZKLFKWKHFRQVXPSWLRQHTXDOVWRWKHPXOWLSOLFDWLRQRIWKHEDVHGHPDQGDQGWKHWLPHSHULRGFRHIILFLHQW7KHGHPDQG
FRHIILFLHQWVYDOXHVDSSHDULQ)LJXUH


)LJ0D[LPXPGHPDQGFRHIILFLHQWYDOXHV
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7KHRSWLPL]DWLRQSUREOHPWREHVROYHGGXULQJHDFKWLPHSHULRGLVWKHIROORZLQJ
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7KHREMHFWLYHIXQFWLRQLVWKHPD[LPL]DWLRQRIWKHVXEWUDFWLRQRIWKHFRUSRUDWHVFRVWIURPWKHVXPRIDOOXWLOLWLHV
7KLVFDOFXODWLRQVKRXOGEHSHUIRUPHGLQHDFKWLPHVWHSDQGZLOOYDU\EDVHGRQWKHFRQVXPSWLRQFRHIILFLHQWZKLFKLV
UHSUHVHQWHGWKURXJKWKHZYDOXH
7KHFRQVWUDLQWVWDWHVWKDWWKHVXPRIDOOLQGHSHQGHQWFRQVXPSWLRQVZLOOQRWH[FHHGWKHSURYLVLRQYROXPHRIIHUHGE\
WKHFRUSRUDWH
6ROYLQJWKLVVHWRIHTXDWLRQVZLOO\LHOGWKHRSWLPDOFRQVXPSWLRQYROXPHIRUHDFKFRQVXPHUSURYLVLRQYROXPHDQG
RSWLPDOZDWHUSULFHDVWKHGHULYDWLYHRIWKHXWLOLW\IXQFWLRQ
 ([DPSOHDSSOLFDWLRQ
7KHDOJRULWKPZDV WHVWHGRQDQHWZRUNZKLFK LVFRPSULVHGRIDVLQJOHZDWHUVRXUFHDQGIRXUFRQVXPHUV(DFK
FRQVXPHUKDVDPD[LPXPEDVHGHPDQGZKLFKGHPRQVWUDWHVWKHPD[LPXPZDWHUYROXPHWKHFRQVXPHUZLOOXWLOL]H
$ERYHWKLVYDOXHWKHXWLOLW\IXQFWLRQUHPDLQVFRQVWDQW

)LJ1HWZRUNOD\RXWDQGFRQVXPSWLRQYDOXHV


)LJ2SWLPDOFRQVXPSWLRQYDOXHVIRUDOOFRQVXPHUV
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7KURXJKRXWWKHKRXUVRIWKHGD\WKHFRQVXPSWLRQYDOXHVFKDQJHEDVHGRQWKHFRQVXPSWLRQFRHIILFLHQW)LJXUH
GHSLFWVWKHRSWLPDOFRQVXPSWLRQYDOXHVRIDOOFRQVXPHUV
)LJXUHVKRZVWKHUHODWLRQEHWZHHQWKHPD[LPXPDQGWRWDOFRQVXPSWLRQ


)LJ0D[LPXPDQGWRWDOFRQVXPSWLRQIRUWKHVXPRIDOOWKHFRQVXPHUV
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